Abstract: Depression and anxiety are psychiatric illnesses that are major burdens on society chronic corticosterone treatment. We discuss the pros and cons of these different approaches. Furthermore, we provide a detailed review of adult hippocampal neurogenesis, including the distinct phases that a cell passes through when transitioning from precursor to neuron. Finally, we discuss at length the experiments that have related adult hippocampal neurogenesis to treatments of depression and anxiety, and why neurogenesis might be necessary for these treatments. We end by revisiting the neurogenesis hypothesis of depression and by providing suggestions for future research directions.
INTRODUCTION
involvement of multiple distinct brain regions, which may be responsible for the diverse symptoms. Human imaging and post-mortem studies have supported this hypothesis, implicating brain areas including the prefrontal and cingulate cortex, hippocampus, striatum, amygdala, and thalamus . The hippocampus is one of several limbic structures that have been extensively studied in individuals with psychiatric and neurologic disorders in the last decade to develop animal models that present behavioral, neurochemical and brain morphological phenotypes microenvironment that promotes neuronal development. This neurogenic niche includes precursors, immature neurons, glial and endothelial cells, microglia and some immune cells. The niche is surrounded by a basement membrane. Because of the important role of vascularization in this region, neuronal development. Studies suggest that astrocytes have a local key role in neurogenesis. In vivo, the development of cells has a preferred spatial relationship with astrocytes. Ex vivo, astrocytes and ventral tegmental area, projections of serotonergic raphe nuclei, septum acetylcholine connections, systems regulate neurogenesis is of particular interest because antidepressants mainly act by changing Neurogenesis can be divided into four phases: a step in which precursor cells are dividing, then surviving, a post mitotic maturation phase, and a late phase of survival.
The stage of precursor cell
The precursors have properties reminiscent of glial cells, including the morphology of radial glia. The cell body is located in the subgranular zone and the dendrites extend into the molecular layer. For a full characterization of the neurogenic effects of new compounds, all the steps of neurogenesis, including proliferation, survival, maturation, and differentiation have to be completed. So far, neurogenesis. As a result, detection of neurogenic steps depends on a combination of labeling that substitutes for thymidine incorporation into DNA synthesized during the S phase of the cycle.
Main methods for a Detection of cell proliferation
proliferation since a positive correlation exists between BrdU-positive clusters and BrdU-positive BrdU-positive cells, this method can be used as a rapid indicator of the neurogenic effect of drugs only to test whether new drugs affect adult hippocampal neurogenesis, but also whether the anxiety/ depressive-like state has been related to changes in hippocampal neurogenesis.
Endogenous markers of cell proliferation
Endogenous cell cycle proteins are expressed at different stages of cell cycle progression. For exemple the "Proliferating Cell Nuclear Antigen, PCNA" is expressed throughout the cell cycle and provide through the remainder of the cell cycle (Figure 1) .
Survival and fate of the newly generated cells
that the fate of the newly generated cells can only be determined three to four weeks later, once neuronal become electrophysiological active. It is not until 4 weeks after birth that newly generated granule cells 
Markers of maturation

HIPPOCAMPAL NEUROGENESIS AND MAJOR DEPRESSION AND ITS TREATMENT
The neurogenic hypothesis of depression postulates that decreased production of new granule cells in the dentate gyrus of the hippocampus is linked to the pathophysiology of depression and that have mainly relied on histological examinations of post-mortem brain tissue and studies of magnetic resonance imaging. Thus, a reduction in hippocampal volume in depressed patients is somewhat which they are not treated coincide with the severity of the decline in hippocampal volume. However, pathophysiological studies on post-mortem brain tissue indicates that the change in the number of highly unlikely that loss of hippocampal neurogenesis can account for the decreased volume. These imaging results, involving hippocampal neurogenesis in the pathophysiology of major depressive and healthy volunteers. The results of this study are limited, however, since the patients were on on cell proliferation. In addition, in the absence of toxicology studies, it is not clear that the patients conclude any involvement of neurogenesis after only observation of cell proliferation. In contrast, Preclinical studies are useful to prove causal links between hippocampal neurogenesis and behavior. Using exposure to different types of stress, like chronic stress or social submission, causes a decrease in cell proliferation in the hippocampus. It is important to keep in mind the disadvantages the hippocampus, and therefore other functions. Dysfunction of hippocampal neurogenesis is only the X-irradiation in the hippocampus has no effect in the previously mentioned paradigms, suggesting depression, and does not exacerbate those induced by stress. Similarly, ablation of neurogenesis by et al clear from their study that chronic stress in rats is not associated with a decrease in neurogenesis, and have an anxiety phenotype. In sum, there is evidence indicating that neurogenesis is not a major factor in the development of depression, but may be necessary for the behavioral effects of antidepressants
ANTIDEPRESSANTS AND ADULT HIPPOCAMPAL NEUROGENESIS
To study the effects of antidepressants in unstressed animals, the choice of the strain is essential. It therefore are more relevant to study an induced increase in antidepressant treatment in conditions Instead, the study of the impact of stress on hippocampal neurogenesis is more relevant in these last two strains. Legend : ø, not study arborization more complex than those present in untreated animals, suggesting an accelerating effect in mice. Similarly, electroconvulsive therapy (ECT), which provides a very rapid therapeutic effect, receive glutamatergic synaptic connections early. These results suggest that molecules that increase the maturation of new neurons are targets for the development of future treatments.
The dendritic spines of a neuron at four weeks old are more associated with multiple synaptic addition, neurons aged 2 to 4 weeks exhibit an increase in excitability and a lower threshold for
At any given time following differentiation, young neurons can be found across stages of development and with distinct morphological and physiological characteristics. Similar to new neurons in the dendritic spines and receive glutamatergic connections. In addition, new granule cells begin to make connections with the hilus and CA3 region while synaptic complexity is similar to that of mature studies in rodents, using approaches that override functional neurogenesis, are used to establish the relationship between neuronal activity and the contribution of hippocampal neurogenesis in the behavioral effects of antidepressants in animals that are either stressed or not. The study by Santarelli exercise, or learning behavior related to anxiety appear to be independent of increased neurogenesis
To examine whether the increase induced by antidepressant treatment may simply be an epiphenomenon, the study of animal models of anxiety / depression in which hippocampal neurogenesis is reduced appears to be a good alternative.
ANIMAL MODELS OF DEPRESSIVE PHENOTYPES
Since no genetic variants with high penetrance that cause depression are known, animal models have mainly relied on different means of chronically exposing rodents to stressful experiences, or sensory tract lesions such as in olfactory bulbectomy, to induce behavioral states that present depression-like signs and are responsive to chronic antidepressant treatment.
The oldest most commonly used paradigm to induce a depression-like state is chronic mild stress period of time reduced their intake of saccharine or sucrose, a potential behavioral model of anhedonia were induced in animals, such as decreased sexual and aggressive behavior, decreased self-care, and subjects were retested for sucrose consumption. A bimodal distribution was found where one group with a reversal of the decreased proliferation that was absent in the group resistant to treatment A distinct procedure that has gained traction is the usage of a social defeat model. In this paradigm a mouse is forced into the territory of a mouse from a larger, more aggressive strain leading to an lasting reduced social interaction, sexual dysfunction, sleep dysregulation, anxiety, metabolic animals display a resistance to social defeat (resilience) while others are susceptible (determined by interaction with a social target relative to an empty enclosure). If animals are separated based on this measure, susceptible mice demonstrate decreased sucrose intake, a blunted circadian rhythm, and see if similar pathways are necessary for mediating response to antidepressants.
A third procedure for inducing a depression-like state in animals is administration of chronic patients display altered activity of the HPA axis, and stress generally leads to hypersecretion of of rodents with corticosterone effectively induces multiple anxiety-and depression-like changes in include increased latency to emerge into the light compartment in the light/dark test, decreased time,
ADULT HIPPOCAMPAL NEUROGENESIS IN PATHOLOGICAL CONDITIONS
that antidepressants confer behavioral effects by stimulating neurogenesis in rodents and humans. A separation stress stimulated neurogenesis and prevented the emergence of depression-like behaviors. Furthermore, ablation of neurogenesis with irradiation of the nonhuman primates abolished the therapeutic effects
To address whether altered neurogenesis is important for the treatment of depression, Deisseroth's group demonstrated that antidepressant treatment still elicits some anxiolytic/antidepressant-like effects.
neurogenesis independent, while effects in the Novelty Suppressed Feeding Test or on coat state
ADULT HIPPOCAMPAL NEUROGENESIS IN DIFFERENT GENDERS
Taking into consideration that depression is twice as common in women as in men, it is important to also consider sex differences in the effects of depression models and antidepressants on adult neurogenesis. In showed that while acute stress reduced cell proliferation in males, it did not affect proliferation in the in females and under all conditions, males were more likely than females to express helplessness behavior. This was true even for males that were not previously stressed. Another study also showed experiments to study adult neurogenesis.
POTENTIAL MECHANISMS UNDERLYING THE REQUIREMENT OF NEUROGENESIS IN MEDIATING THE ANTIDEPRESSANT RESPONSE
While much work has been done that has laid a foundation for the understanding of how antidepressants axis and the stress response. Consistent with this hypothesis, recent studies demonstrated that in mice chronic stress severely impairs HPA axis activity and the ability of the hippocampus to modulate restore the relationship between the hippocampus and the HPA axis, but only in the presence of an intact neurogenic niche. Another study also demonstrates that adult-born hippocampal neurons are Future studies will need to use genetic methods to more directly determine if young neurons impact the negative feedback circuit to the HPA axis.
Another hypothesis, which is not mutually exclusive, that has gained traction is whether neurogenesis in In the hippocampus, the dorsal dentate gyrus receives inputs from lateral and caudomedial entorhinal are to the mammillary complex, dorsal lateral septum and lateral entorhinal cortex. In contrast ventral dentate gyrus receives inputs from the rostromedial entorhinal cortex and laterally located cells of the medial septal nucleus while ventral hippocampus outputs are to the prefrontal cortex, amygdala, nucleus accumbens, hypothalamus, medial entorhinal cortex, bed nucleus of stria terminalis and rostral more important for learning and memory while the ventral hippocampus is more involved in emotion been proposed that neurogenesis along the dorsal-ventral axis may also play distinct roles in learning on the electrophysiological properties of young neurons that have integrated into the hippocampal circuitry. 
